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Optimization of the drying process of autumn
fruits rich in antioxidants: a study focusing on
rosehip (Rosa canina L.) and sea buckthorn
(Elaeagnus rhamnoides (L.) A. Nelson) and their
bioactive properties
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Nowadays, it is very important to identify the traditional uses of different plants and to create the context in
which new cultural or economic value is given to local resources. In this study, two wild fruits traditionally
harvested in autumn in Romania were selected to investigate the effects of drying conditions on the chemi-
cal compositions and bioactivities exerted by the extracts and to select the best conditions in terms of air
temperature and time of drying. The extracts obtained were assessed in terms of antioxidant capacity and
enzyme inhibitory activity, and their main bioactive compounds were identified and quantified. The data
presented in this article represent a step forward in applying this process on an industrial-scale.
1. Introduction
The diet of the European region consists of a large variety of
spontaneous, non-cultivated plants. However, in the context of
globalization, traditions may be susceptible to change very
quickly and many traditional uses of medicinal plants are at
risk of disappearing. Thus, it is very important to identify the
traditional uses of different plants and to create the context in
which new cultural or economic value is given to local
resources. Traditionally, various parts are used, such as fruits,
leaves, flowers, and seeds of spontaneous shrubs and trees. In
this context, this study was focused on evaluating the different
biological properties of two wild fruits traditionally harvested
in autumn. In particular, the properties of these plants can be
suitable for possible use in the development of functional
foods or for using as potential sources of natural antioxidants.
Rosa canina L., usually known as rosehip, is a perennial
shrub in the Rosaceae family. The name of the species in
Romanian is “Măceş” and it is found in all areas of the
country. The fruits of this species are harvested by the
Romanians and used for a broad range of meals.
Rosehip fruits are extensively used in folk medicine in
different countries worldwide. Some of the traditional uses of
the Rosa canina pseudofruits are: for prevention and treatment
of common colds, infectious diseases, and vitamin C deficiency;
for treatment of fever and gastric spams; in prevention of gastri-
tis and gastric ulcers and as a laxative; and as an adjuvant
therapy for gallstones and gallbladder discomforts, gout, arthritis,
sciatica, inadequate peripheral circulation, and lung ailments.1
There are many uses of rosehip in Romanian folk medicine,
such as fortifier for convalescents and anemics. The pseudofruits
of Rosa canina are appreciated by Romanians for their high
content of vitamin C. It was postulated that rosehips have a
higher proportion of ascorbic acid (vitamin C) than any other
known and available vegetables or fruits.2 Moreover, they are
considerably beneficial for human health because of their
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chemical composition rich in minerals, sugars, organic acids,
phenolic compounds, carotenoids, and fatty acids.
Various extracts and isolated constituents from rosehip have
been evaluated by a variety of in vitro and in vivo assays. The
Rosa canina pseudofruits exerted various pharmacological effects
in the prevention and/or treatment of a broad spectrum of ail-
ments, such as infectious, cardiovascular, and kidney diseases,
and diabetes, cancer, liver damage, obesity, and inflammation.
Another species traditionally harvested in Romania is sea
buckthorn (Elaeagnus rhamnoides syn.: Hippophae rhamnoides),
a thorny deciduous shrub native to Europe and Asia. In
Greece, it was used as a diet for racehorses; hence, it got the
former botanical name “Hippophae”, which means “shiny”.3
Many medicinal preparations using different parts of the
plant, from both cultivated and wild sources, have been used
in clinics to treat burns, radiation damage, oral inflammation,
and gastric ulcers in the former Soviet Republics and China.4
Beyond the medicinal use, the berries of sea buckthorn can be
processed to make juice and jam, or to be used as flavoring
agents of dairy products because of their unique taste.5
It is also a source of very important bioactive substances
like vitamin C, mineral elements, sugars, organic acids, free
amino acids, large amount of carotenoids and vitamin E, vola-
tile compounds, quercetin, myricetin and kaempferol, fatty
acids, triacylglycerol, glycerophospholipids, phytosterols, zeax-
anthin, esters, alpha-tocopherol, and phenolic compounds.3
A wide spectrum of pharmacological effects, including anti-
oxidant, immunomodulatory, anti-atherogenic, anti-stress,
hepatoprotective, radioprotective, and tissue repair activities
have been recently reported.6,7
Generally, dehydration techniques are usually applied for the
treatment of fruits, taking into account the conditions of the
process to preserve the compounds of interest. One of the most
traditional methods is dehydration in a conventional drying
oven under different temperature and time conditions.8
However, due to the long drying time often required, these
methods can cause hydrolysis, oxidation, and degradation of
the compounds of interest. In this regard, the objectives of this
research were to investigate the effects of the drying conditions
on the total contents of phenolic and flavonoid compounds in
the two traditionally used fruits in Romania and to select the
best conditions in terms of air temperature and time of drying.
Phenolic compounds are defined as secondary metabolites
which are derivatives of the pentose phosphate, shikimate,
and phenylpropanoid pathways in plants. These compounds
are one of the most widely occurring groups of phytochemicals
and have physiological and morphological importance in
plants. Moreover, phenolic compounds play an important role
in growth and reproduction and can provide protection against
predators and pathogens.9
Flavonoids can be defined as phenolic compounds with low
molecular weights, secondary metabolites found in various
plants. Flavonoids can occur in their free state or as glycosides.
In the last years, the literature documented a broad spectrum
of pharmacological actions on the diverse systems of the
human body. Among these, we can mention the neuroprotec-
tive and anti-convulsive effects on the CNS, prevention and
treatment of cardiovascular diseases, and treatment of dyslipi-
demia and obesity. Recent studies have documented that flavo-
noids can act on the biological targets involved in type-2
diabetes, inflammation, and immune system processes.
Furthermore, flavonoids can act as antitumoral, antimicrobial
and antifungal agents.10 Considering all of these interesting
properties, it is important to evaluate the total flavonoid
content (TFC) of the studied extracts.
Fernandez-Panchon et al. reported in a comprehensive
review paper that aimed to correlate the plants’ phenolic com-
position with the antioxidant activity that the phenolic com-
pounds in fruits and vegetables can exert an antioxidant activity
both in vitro and in vivo.11 They also showed that the difference
between in vivo antioxidant activities reported by various studies
is due to the different analytical methods employed.
Some other recent studies aimed to assess the
α-glucosidase inhibitory activity of some phenolic phytochem-
ical enriched plant extracts. They demonstrated that there is a
direct link between the quantity of phenolic compounds and
the inhibitory activity of α-glucosidase.12
Even if these fruits are known to be rich in vitamin C, we
chose not to quantify this compound, but to assess the quantity
of two parameters that are representatives of bioactive compounds
in natural products. Furthermore, we emphasized the importance
of optimizing the drying conditions by comparing the quality of
dried fruits with the data found in the scientific literature. The
comparison was made in terms of total phenolic and flavonoid
contents and antioxidant activity. This article also emphasizes the
effect of processing the plant materials, correlating the main
pharmacological effects of the considered plant materials with
the drying processes and extraction methods used.
2. Materials and methods
2.1. Standards and reagents
The reagents used in this study were: sodium carbonate, ferric
chloride, 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox) (97%), diammonium 2,2′-azinobis(3-ethylbenzo-
thiazoline-6-sulfonate) (ABTS) (>98%), 2,2-diphenyl-1-(2,4,6-
trinitro-phenyl) hydrazine (DPPH), tri-2-pyridyl-s-triazine (TPTZ)
(≥99%), dimethyl sulfoxide (DMSO) (≥99%), phosphate buffer,
mushroom tyrosinase, 3,4-dihydroxy-L-phenylalanine (L-DOPA)
(≥98%), and kojic acid were purchased from Sigma (Sigma
Aldrich Chemie GmbH, Schnelldorf, Germany). Folin–Ciocâlteu
reagent, hydrochloric acid (37%), acetone, ethanol, and metha-
nol were purchased from Merck (Darmstadt, Germany).
Aluminum chloride (≥98%) was purchased from Carl Roth
(Karlsruhe, Germany). All reagents were of analytical grade and
all solvents were of LC grade. Water was of Milli-Q-quality.
2.2. Sample preparation
Fresh fruits were collected manually from different locations
situated in Cluj County, Romania and Abruzzo province, Italy.
The samples were stored in a refrigerator at about +5 °C to
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prevent further damage. The unripe and burst fruits were
manually separated. Plants were identified, and voucher speci-
mens were deposited in the Herbarium of the Botany
Department, Faculty of Pharmacy, “Iuliu Haţieganu” University
of Medicine and Pharmacy, Cluj-Napoca.
2.3. Drying procedure
Firstly, in order to gain some knowledge about the potential
critical quality attributes of the products and critical process
parameters, some preliminary experiments were performed
(data not shown), allowing the establishment of a reliable
drying strategy. Furthermore, in order to study the processes
and to define the optimal drying parameters, the design of
experiments was developed and analysed using the MODDE
Pro 11.0 software (Sartorius Stedim, Sweden).
Three different temperature levels (50, 60, and 70 °C) were
used and an oven dryer (Excalibur food dehydrator) was oper-
ated parallel to the drying surface of the sample. The dryer was
installed in an environment with a relative air humidity of
about 40–50% and an ambient air temperature of about
16–22 °C. The dryer is equipped with an automatic tempera-
ture controller which sets the air flow temperature with a good
accuracy (±0.1 °C). The weight change was recorded using a
digital balance with a sensitivity of 0.01 g (Adam PW254) at 4,
8, 12, 18, 24, 36, and 48 hours during drying. Before beginning
the experiments, the dryer system was started in order to
achieve a desirable steady state condition. A 5 g sample of
fruits was weighed and spread evenly on a perforated tray,
which was suspended inside the preheated laboratory oven.
2.4. Extraction procedure
For the extraction of bioactive compounds from dried fruits,
the following procedure was used: each sample of dried fruits
was first ground and homogenized in a laboratory mill (Retsch
Grindomix GM200). The obtained powder was mixed with
50 mL of 70% (v/v) ethanol and homogenized using a labora-
tory vortex device (Velp Scientifica Classic). The mixture was
ultrasonicated for 30 min in a water bath at 50 °C and then fil-
tered through a filter paper using a water vacuum filter. The
solution was allowed to cool before it was made up to a final
volume of 50 mL with 70% ethanol.
After the optimal parameters of drying were calculated for
each type of fruit, using the method described previously, the
frozen fruits were allowed to heat up to room temperature.
Consequently, the fruits were dried under the optimized con-
ditions, and the whole process was repeated, as described
above, for fresh fruits. The extracts from the 50 mL flasks were
lyophilized. Then, the dry weight extract was resolubilized in
70% EtOH for antioxidant and total bioactive compound deter-
mination, and in aqueous medium with 5% DMSO for the
enzymatic assays.
2.5. Quantitative determination of total bioactive compounds
(total phenolic content (TPC) and total flavonoid content (TFC))
The total phenolic content (TPC) of the raw extracts was deter-
mined using the Folin–Ciocâlteu method as previously
described by Mocan, Schafberg, Crisan, & Rohn (2016).13 In a
96 well plate, 20 μL of each sample were mixed with 100 μL of
Folin–Ciocâlteu reagent (diluted 1 : 10 with distilled water).
After 3 min, 80 μL of sodium carbonate solution (7.5% w/v)
were added to the wells. The plate was incubated for 30 min in
the dark at room temperature. A SPECTROstar Nano micro-
plate reader (BMG Labtech, Offenburg, Germany) with 96 well
plates was used to measure the absorbance at 760 nm against
a solvent blank. As a reference standard, gallic acid was used.
The content of phenolic compounds in raw fruit extracts was
expressed as milligrams gallic acid equivalents (GAE) per gram
dry weight of raw fruit (mg GAE per g dw fruit). After lyophili-
zation, the optimized extracts were also evaluated in terms of
total phenolic content and the results were expressed as milli-
grams gallic acid equivalents (GAE) per gram dry weight of lyo-
philized extract (mg GAE per g dw lyophilized extract).
The total flavonoid content (TFC) of the crude extracts was
determined according to the method previously described by
Mocan et al. (2017).14 100 μL of 2% AlCl3 aqueous solution
were added to 100 μL of sample in a 96 well plate. The plate
was incubated at room temperature in the dark for 15 min.
The absorbance was measured against a solvent blank at
420 nm using a SPECTROstar Nano microplate reader (BMG
Labtech, Offenburg, Germany) with 96 well plates. The content
of flavonoids in raw fruit extracts was expressed as quercetin
equivalents (QE) per gram of dry weight (dw) of raw fruits (mg
QE per g dw). After lyophilization, the optimized extracts were
evaluated again in terms of total flavonoid content and the
results were expressed as milligrams gallic acid equivalents
(QE) per gram of dry weight of lyophilized extract (mg QE per g
dw lyophilized extract).
2.6. Analysis of phenolic compounds
The phenolic profile was determined by LC-DAD-ESI/MSn
(Dionex Ultimate 3000 UPLC, Thermo Scientific, San Jose, CA,
USA). The phenolic compounds were separated and identified
as previously described by Bessada et al.15 The obtained
extracts were re-dissolved in an ethanol : water (80 : 20, v/v)
mixture at a concentration of 50 mg/ mL−1. A double online
detection was performed using a DAD (280, 330 and 370 nm as
preferred wavelengths) and a mass spectrometer (MS). The MS
detection was performed in negative mode, using a Linear Ion
Trap LTQ XL mass spectrometer (Thermo Finnigan, San Jose,
CA, USA) equipped with an ESI source.
The identification of phenolic compounds was performed
based on their chromatographic behaviour and UV-vis and
mass spectra by comparison with the standard compounds,
when available, and the data reported in the literature giving a
tentative identification. Data acquisition was carried out with
an Xcalibur® data system (Thermo Finnigan, San Jose, CA,
USA). For quantitative analysis, a calibration curve for each
available phenolic standard was constructed based on the UV-
vis signal. For the identified phenolic compounds for which a
commercial standard was not available, the quantification was
performed through the calibration curve of the most similar
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available standard. The results were expressed as mg per g of
extract.
2.7. Antioxidant activity assays
The antiradical activity of the extracts was determined using
some broadly used methods: DPPH radical scavenging activity,
ABTS radical cation scavenging activity (TEAC), and FRAP
(ferric-reducing antioxidant power). Moreover, the inhibition
of lipid peroxidation by decreasing thiobarbituric acid reactive
substances (TBARS), and the oxidative hemolysis inhibition
assay (OxHLIA) were also applied.
2.7.1 DPPH radical scavenging activity. The capacity to sca-
venge the free radical DPPH was assessed according to the
method described by ref. 16 with slight modifications. The
mixture in each of the 96-wells consisted of 30 μL of sample
solution (in a proper dilution) and a 0.004% MeOH solution of
DPPH. The mixture was incubated for 30 min in the dark.
Finally, the reduction of the DPPH radical was determined by
measuring the absorption of the sample at 515 nm. The anti-
oxidant activity according to the DPPH radical scavenging
assay was expressed as trolox equivalents (TE) per gram of dry
weight of raw fruit (mg TE per g dw fruit). After lyophilization,
the optimized extracts were evaluated again in terms of total
flavonoid content and the results were expressed as trolox
equivalents (TE) per gram of dry weight of lyophilized extract
(mg TE per g dw lyophilized extract).
2.7.2 TEAC (trolox equivalent antioxidant capacity).
Another well-known method to assess the antiradical activity
of the plant extracts is the trolox equivalent antioxidant
capacity (TEAC) assay, as described previously by Mocan
et al.17 The ability of the extracts with antioxidant features to
scavenge the ABTS+ radicals is compared to the activity of
trolox, a vitamin E analogue. The antioxidant activity according
to the TEAC assay was expressed as trolox equivalents (TE) per
gram of dry weight of raw fruit (mg TE per g dw fruit). After
lyophilization, the optimized extracts were evaluated again in
terms of total flavonoid content and the results were expressed
as trolox equivalents (TE) per gram of dry weight of lyophilized
extract (mg TE per g dw lyophilized extract).
2.7.3 FRAP (ferric reducing antioxidant power). The FRAP
assay was carried out as described by Mocan et al.18 with slight
modifications. The diluted extracts were added to premixed
FRAP reagent containing acetate buffer (0.3 M, pH 3.6), tri-2-
pyridyl-s-triazine (TPTZ) (10 mM) in 40 mM HCl and ferric
chloride (20 mM) in the ratio of 10 : 1 : 1 (v : v : v). After a
30 min incubation at room temperature, the sample absor-
bance was read at 593 nm. The antioxidant activity according
to the FRAP assay was expressed as trolox equivalents (TE) per
gram of dry weight of raw fruit (mg TE per g dw fruit). After
lyophilization, the optimized extracts were evaluated again in
terms of total flavonoid content and the results were expressed
as trolox equivalents (TE) per gram of dry weight of lyophilized
extract (mg TE per g dw lyophilized extract).
2.7.4 TBARS assay. For the TBARS assay, the extracts were
re-dissolved in an ethanol : water mixture (80 : 20, v/v) at a con-
centration of 5 mg mL−1. The stock solutions were subjected
to eight successive dilutions for analysis. The antioxidant
capacity was measured by the decrease of thiobarbituric acid
reactive substances (TBARS) using porcine (Sus scrofa) brain
homogenates. The colour intensity of malondialdehyde-thio-
barbituric acid (MDA-TBA) was measured by its absorbance at
532 nm, following a previously described procedure.19 The
results were expressed as EC50 values (μg mL−1), representing
the extract concentration required to inhibit 50% of the lipid
peroxidation. Trolox was used as a positive control.
2.7.5 OxHLIA assay. For the OxHLIA assay, a known mass
of extract (100 mg) was dissolved in PBS, obtaining different
solutions with concentrations ranging from 12.5 to 125 μg
mL−1. To determine the capacity to inhibit the oxidative hemo-
lysis associated with each of the tested extracts, an ovine
erythrocyte solution was used.20 The extract concentration able
to promote a Δt hemolysis delay of 60 min was calculated
based on the Ht50 values of the haemolytic curves of the
extracts with different concentrations.21
The results were expressed as EC50 values (μg mL−1), repre-
senting the extract concentration required to keep 50% of the
erythrocyte population intact for 60 min. Trolox was used as a
positive control.
2.8. Cytotoxic activity
The extracts were re-dissolved in water at 8 mg mL−1 concen-
tration and further diluted in the range of 400 to 6.25 µg
mL−1. The cytotoxic properties were evaluated using four
human tumor cell lines: MCF-7 (breast adenocarcinoma),
NCI-H460 (non-small cell lung cancer), HeLa (cervical carci-
noma), and HepG2 (hepatocellular carcinoma). A non-tumor
cell line (PLP2) was also evaluated using a procedure pre-
viously described by Abreu et al. (2011).22 The sulforhodamine
B assay was carried out by Barros et al. (2013),23 with ellipti-
cine being used as a positive control and each suspension of
cells as a negative control. The results were expressed as GI50
values (the sample concentration that inhibited 50% of the
cell proliferation).
2.9. Anti-inflammatory activity
The extracts were re-dissolved in water at a concentration of
8 mg mL−1 and then diluted in the range of 400 to 6.25 µg
mL−1. A mouse macrophage-like cell line RAW 264.7 was used
in this study and a Griess reagent system (GRS) kit was used to
determine nitric oxide, measured at 515 nm
(ELx800 microplate reader, Bio-Tek Instruments, Inc;
Winooski, VT, USA), as described previously.19 The results were
expressed as IC50 values (the sample concentration providing
50% of inhibition of NO production) and dexamethasone was
used as a positive control, while in negative controls, no LPS
was added.
2.10. Inhibition of fungal α-glucosidase
The inhibition of yeast α-glucosidase was assessed by measur-
ing the amount of p-nitrophenyl, hydrolyzed by the enzyme
from p-nitrophenyl-α-D-glucopyranoside (α-pNPG). The assay
was performed using a previously described methodology with
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some modifications.24 50 μL of extract solutions (sequential
dilutions) were mixed with 50 μL of the solution of enzyme
(2 U mL−1) in a 96-well plate. The mixture was incubated for
10 minutes at 37 °C in the dark. Finally, 50 μL of α-pNPG solu-
tion (2.5 mM) were added to the mixture. All solutions were
prepared in phosphate buffer (0.1 M, pH 6.8). The mixture was
incubated for 10 minutes at 37 °C in the dark. AGLU control
(C) represents 100% enzyme activity and, in this case, the
extract was replaced by phosphate buffer. Sample blanks (D)
were also included, for each sample, for correcting the absor-
bance of the background. For this, buffer was used instead of
the substrate. Blank of the control (B) consisted of the buffer
(instead of the extract and the substrate) and enzyme.
Inhibition (%) of the AGLU activity was calculated according to
the following formula:
Inhibitionð%Þ ¼ ðA  BÞ  ðC DÞðA  BÞ  100
where A, B, C, and D are the absorbance values of the control,
blank control, sample and blank sample, respectively. The
inhibitory activity was expressed as the IC50 value (mg per mL
dw lyophilized extract). This value represents the concentration
of the extract required to reduce the enzyme activity by 50%
with reference to the control.
2.11. Rat α-glucosidase inhibitory assay
In this assay, 0.5 g of rat intestinal acetone powder was dis-
solved in 10 mL of phosphate buffer (0.1 M, pH 6.9) and soni-
cated for 10 min. After centrifugation at 1523g for 10 min at
4 °C, the supernatant was diluted 5 times with phosphate
buffer and was used as the enzyme solution. This solution was
prepared fresh for each experiment. The measurement of rat
AGLU inhibition was performed as described in the previous
section.
2.12. Statistical analysis
The analyses were performed in triplicate and the obtained
results were expressed as mean ± SD for each sample. Analysis
of variance (ANOVA) was used to determine significant differ-
ences between values (p < 0.05), followed by multiple compari-
sons using Tukey’s test. The statistical significance of differ-
ences between the extracts was evaluated using SPSS 16.0 for
Windows (SPSS Inc, Chicago, IL, USA). Statistical correlations
between the data were calculated by Pearson’s and Spearman’s
correlation analyses.
3. Results and discussion
3.1. Optimization of the drying process
The design of experiments was based on a systematic introduc-
tion of anticipated variability, which allowed the definition of
the relationships between the process factors and their
outputs. This was achieved by performing the drying runs fol-
lowing a randomised order and analysing the obtained data.
Based on the gained knowledge, the next step was to map the
design space, defined as a multidimensional range of input
variables, i.e. drying parameters, demonstrated to provide an
optimal product.
Firstly, we noticed that an important role in the drying
process was played by the temperature of the air flow. This fact
is supported by the data provided in Fig. 1 and 2. As the air
flow temperature rises, the moisture of the fruits decreases in
a shorter time. Secondly, we considered that the effect of temp-
erature is an important factor for preserving the integrity of
the bioactive compounds within the plant material.
Consequently, to avoid the possibility of further damage to
these compounds, we considered that drying at a lower temp-
erature is appropriate. However, the aim of this article being to
extrapolate the results on an industrial scale, it is necessary to
reduce the time of drying, preserving the quality of the
product. Thereby, a compromise between these two factors was
made, and an optimal temperature of 60 °C was considered.
The drying parameters were taken into consideration, and the
software generated the optimal time of fruit drying at 60 °C.
3.1.1. Optimization of the drying process of Rosa canina
pseudofruits. Regarding the Rosa canina pseudofruit drying
process, the optimal time of contact with hot air at a tempera-
ture of 60 °C, resulting from parameter analysis was
30.4 hours. Erenturk, Gulaboglu, & Gultekin (2004)25 demon-
strated in their study that the effect of the air velocity was neg-
ligible and the air humidity did not significantly affect the
drying of rosehip. Koyuncu, Tosun, & Ustun (2003)26 also
studied the influence of the drying air temperature and vel-
ocity on the drying time and energy requirement. They con-
cluded that the minimum energy required for drying the rose-
hips was 6.69 kW h kg−1 at 70 °C and 0.5 m s−1. This value of
the energy requirement is close to that of the rosehips de-
hydrated at 60 °C and 0.5 m s−1. The browning process was
evaluated by measuring the Hunter L parameters of de-
hydrated rosehips. Interestingly, the best value was obtained
for the pseudofruits dried at 60 °C, which is in accordance
with the result presented herein. Koca, Ustun, & Koyuncu
(2009)27 evaluated the effect of drying conditions on the anti-
oxidant properties of rosehip pseudofruits. They concluded
that the best parameters for retention of total phenolics were
50 °C and 1.5 m s−1 air flow rate, and for the retention of total
carotenoids the best parameters were 70 °C and 1.5 m s−1.
Furthermore, the highest retention of ascorbic acid was
obtained at 60 °C drying temperature and 1.5 m s−1 air flow
rate.
We also evaluated the influence of the drying air tempera-
ture and drying time on the total phenolic content (TPC), total
flavonoid content (TFC), and antioxidant activity. The highest
content of phenolic compounds was obtained by drying rose-
hips at 60 °C, as it can be seen in Fig. 3. Regarding the flavo-
noid content obtained under different drying temperature con-
ditions, the results are inconclusive and cannot be interpreted
in order to determine the best condition for the extraction of
these compounds (Fig. 3). Interestingly, the antioxidant
capacity of the extracts obtained from the pseudofruits dried
at 70 °C was higher than that of those dried at 60 °C (Fig. 3).
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3.1.2. Optimization of the drying process of Elaeagnus
rhamnoides fruits. Finally, the optimal time of drying the
fruits of Elaeagnus rhamnoides was found to be 24.35 h. Araya-
Farias et al.28 studied the impact of temperature on the kine-
tics of air-drying and freeze-drying of this kind of fruits. They
concluded that freeze-drying was found to be a superior
method to obtain powders from the fruits of this species,
because of the lower residual moisture content, the higher
content of nutritional compounds, and the ease of grinding.
Gutiérrez et al.29 studied the effects of the drying method on
the quality and extraction yields of oils from sea buckhorn
fruits, and they documented that the drying method did not
have a marked effect on the oil quality, but they found that the
oils from freeze-dried pulps had a much lower peroxide value,
bearing out their enhanced quality.
The effect of the drying temperature on the quality of sea
buckhorn was also assessed in this paper. The results showed a
higher content of both flavonoid and phenolics in the fruits
dried at 70 °C, which could be assigned to the high stability of
the compounds in this plant. The antioxidant activity of the
extracts obtained from the sea buckhorn fruits dried at 70 °C was
higher than that of those obtained from fruits dried at a lower
temperature. Thus, we can conclude that the optimal tempera-
ture of drying the sea buckhorn fruits is 70 °C for ∼24 h.
Fig. 1 Percent of residual mass as a function of drying time at temperatures of 50, 60, and 70 °C for the studied species.
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3.2. Determination of the phenolic compounds of the
optimized extracts
3.2.1 Total phenolic content (TPC). To evaluate the total
phenolic content in the fruit extracts, the Folin–Ciocâlteu method
was used. Although there are some limitations of this method,
such as the interference of vitamin C content of extracts on the
final results, it is extensively used in the scientific literature.30
Rosa canina is a species which is known for its phenolic
compound rich composition. This is once again proved by the
result of our research. The species studied herein presented a
value of 24 ± 1 mg GAE per g dw rosehip lyophilized extract
Fig. 2 (A) Design spaces representing optimal temperature conditions as a function of time for drying processes, and (B) 3D response surface plots
defining the influence of the critical drying process parameters (temperature and time of drying) over the percent of residual mass.
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(Table 2). In a study conducted on different varieties of the
Rosa canina species,31 it was concluded that the highest
content of phenolics was found in Rosa canina var. transitoria
f. ramosissima from Agiesel, Bistriţa-Năsăud county, România
(5.751 ± 0.1464 mg GAE per g frozen pulp). On the other hand,
Ercisli et al. found that rosehip pseudofruits collected from
Erzurum, Turkey, showed a value of 96 mg GAE per g dw.32 A
similar result was documented by a research team from Serbia,
which documented a value of 96.2 ± 4.35 mg GAE per g of dw
of puree extract, a traditional Serbian preparation. Another
study conducted by Montazeri et al. documented a content of
424.6 ± 1.8 mg GA per g of methanol extract from Rosa canina
Fig. 3 Total phenolic content (TPC), total flavonoid content (TFC), and DPPH radical scavenging activity (DPPH) as a function of time under the
temperature conditions of dried plant samples (50, 60, and 70 °C) of Rosa canina (A, C and E) and Elaeagnus rhamnoides (B, D and F).
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rosehip without fruits, commercially available from the sup-
plier Martin Bauer, Germany.33
The phenolic content of the extracts obtained from the
fruits of sea buckthorn was 13.2 ± 0.6 mg GAE per g of dw lyo-
philized extract. Compared to the other samples collected
from different areas, the dried fruit extract of sea buckhorn
showed a comparable content of phenolics. A Czech team
reported that the fresh fruits collected from Zabice, Czech
Republic, contained 8.62–14.17 mg GAE per g of fresh fruits.34
Another team collected fresh fruits from southern Sweden and
concluded that the fruits contained between 1.14 and 2.44 mg
GAE per g of fresh fruits. There results suggest that the drying
process does not affect the phenolic composition of
E. rhamnoides fruits, and the process conditions can be
applied in industry.
3.2.2. Total flavonoid content (TFC). The aim of this study
was to find the best drying conditions for extracting the bio-
active compounds from the studied plant materials. In this
section, we will compare the results found in the literature
regarding the composition of bioactive compounds of the
studied part of the plant (in our case, fruits, or pseudofruits)
with those obtained by us.
A spectrophotometric assay based on aluminium-complex
formation is one of the most commonly used procedures for
quantification of TFC in food or medicinal plant samples.
Although it was proved that this method did not react uniformly
with all the compounds in the flavonoid class,35 we considered
these results as preliminary, and we further investigated the
chemical composition using up-to-date and modern techniques.
The total flavonoid content of the Rosa canina optimized
extract was 1.4 ± 0.1 mg QE per g dw (Table 2). This is compar-
able to the highest value of TFC obtained for Rosa canina var.
assiensis from the same location (Cluj-Napoca, România),
which was 1.632 ± 0.0545 mg QE per g dw, the value obtained
by a different group of researchers.31 The higher content of fla-
vonoids can be ascribed to the fact that in their case, the plant
material was extracted 3 times, whereas, here, it was extracted
just once. Tumbas et al. also documented an extraction pro-
cedure of bioactive compounds from Rosa canina pseudofruits
collected from Rtanj mountain (Serbia).36 They macerated the
plant material twice in 500 mL of acetone at room temperature
for 24 h, followed by evaporation to dryness. The highest value
of TFC was obtained for the Fr3 fraction, which was 504.69 µg
per kg of fresh pseudofruits. In their work, Demir et al. evalu-
ated the total flavonoid content of pseudofruits collected from
Gümüşhane, Turkey.37 They revealed a value of 9.48 ± 0.94 mg
rutin equivalents per g dw. However, a comparison cannot be
made between the results due to the different standards used.
Finally, we evaluated the total flavonoid content in
E. rhamnoides fruits. The value was 4.5 ± 0.1 mg QE per g dw.
Rop et al. also evaluated the total flavonoid content in fresh
fruits collected from Zabcice, Czech Republic.34 The values
were expressed in rutin equivalents and ranged between 4.18
and 7.97 g RE per kg of fresh material.
We can conclude that the drying conditions are very impor-
tant in order to preserve the flavonoids in the plant materials.
Moreover, our study demonstrates that the drying procedure,
using optimal conditions (e.g. a temperature of 60 °C), does
not affect the quality of the final products. This fact is proved
by the comparable results of flavonoid composition.
3.2.3. HPLC-DAD-ESI/MS identification of phenolic com-
pounds. The chromatographic analyses of the phenolic com-
pound profiles of R. canina and E. rhamnoides hydroethanolic
extracts are shown in Table 1 and Fig. 5. Both samples con-
tained only O-glycosylated flavonoids, eight in R. canina (eriodic-
tyol, quercetin, and isorhamnetin derivatives) and ten in
E. rhamnoides (quercetin and isorhamnetin derivatives). The
peaks 4R and 4E ([M − H]− at m/z 463 and 609, respectively)
were identified as quercetin-3-O-glucoside and quercetin-3-O-
rutinoside, respectively, by comparing their retention times and
UV spectra with the available commercial standards. Two erio-
dictyol derivatives were identified in the R. canina samples, pre-
senting a pseudomolecular ion [M − H]− at m/z 449, being ten-
tatively identified as eriodictyol -O-hexoside (the peaks 1R and
2R) following the chromatographic characterization method pre-
viously described by Guimarães et al. (2013) in the R. canina
samples.38 Two more quercetin derivatives were also identified
(apart from the peaks 4R/4E) in R. canina, the peaks 3R and 5R,
tentatively identified as quercetin-O-rhamnoside ([M − H]− at
m/z 447) and quercetin-O-hexoside ([M − H]− at m/z 463),
respectively, according to the method described by Guimarães
et al. (2013).38 Isorhamnetin O-glycosylated derivatives were,
without a doubt, the most representative phenolic compounds
found in both samples. The peaks 6R/7R/8R and 8E/9E/10E pre-
sented a pseudomolecular ion [M − H]− at m/z 447 and 477,
respectively, and a unique MS2 fragment at m/z 315 (isorhamne-
tin aglycone), corresponding to the loss of a pentosyl moiety
and a hexosyl moiety, respectively, being for that manner, tenta-
tively identified as isorhamnetin-O-pentoside and isorhamne-
tin-O-hexoside, respectively. The peaks 5E/6E/7E were tentatively
identified as isorhamnetin-O-deoxyhexoside-O-hexoside, pre-
senting a pseudomolecular ion [M − H]− at m/z 623 and a
unique MS2 fragment at m/z 315 corresponding to the loss of a
rutinosyl moiety (deoxyhexosyl plus a hexosyl moiety). The
peaks 2E/3E presented a pseudomolecular ion [M − H]− at m/z
785, which when compared to the peaks 5E/6E/7E, reveals only
the attachment of one more hexosyl group to the molecule,
being, for that manner, tentatively identified as isorhamnetin-
O-deoxyhexoside-hexoside-O-hexoside. Finally, the peak 1E pre-
sented a pseudomolecular ion [M − H]− at m/z 639 and two sub-
sequent MS2 fragments at m/z 477 and m/z 315, corresponding
to the loss of two hexosyl moieties, being tentatively identified
as isorhamnetin-O-hexoside-O-hexoside.
Regarding the quantification eriodictyoleryodictiol
O-glycosylated derivatives were the most abundant in R. canina
samples, 0.244 mg g−1 of extract, followed by quercetin-3-O-
glucoside (0.172 mg g−1 of extract). These values are in accord-
ance with the ones found by Guimarãeset al. (2013)38 also in
R. canina samples. Turkben et al. also documented a value in
the range of 0.00276–0.00520 mg per g of plant material.39 As
previously stated isorhamnetin O-glycosylated derivatives rep-
resented the majority of the phenolic compounds found in
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both samples, especially in the E. rhamnoides fruit extracts,
representing all of the total phenolic compounds quantified in
this sample (3.3. mg g−1 of extract). This bioactive compound
can act as a tyrosinase inhibitor and as an anticoagulant.
Moreover, it was proved that the compound can be used as a
cytotoxic agent against BEL-7402 hepatocellular carcinoma
cells.40 Although the data show a high content of this com-
pound in the studied extract, it seems that the same extract
exerted no detectable cytotoxic effect on different cell lines
(Table 3). This contradictory result can be explained by the fact
that the flavone is mostly glycosylated, and in this form, it
cannot diffuse through the cell membrane, thus, the activity
cannot be detected. Further in vivo studies are required to
assess the cytotoxic activity of isorhamnetin and the bio-
availability of its glycosylated derivatives.
3.3. Antioxidant activity
The in vitro evaluation of the antioxidant capacity of plant
extracts is useful in order to determine the quantity of bio-
active compounds. Moreover, the in vivo antioxidant activity
can be an indicator of various in vivo potential applications. In
this study, the antioxidant capacity was evaluated using five
different methods, in order to identify the antioxidant mecha-
nism: DPPH radical scavenging, TEAC (trolox equivalent anti-
oxidant capacity), FRAP (ferric reducing antioxidant power),
TBARS (thiobarbituric acid reactive substances), and OxHLIA
(oxidative hemolysis inhibition assay). A summary of the anti-
oxidant capacities of the studied extracts is presented in
Table 2.
Regarding the Rosa canina pseudofruit extract, the inhibi-
tory activity of DPPH radicals was 29 ± 1 mg TE per g dw lyo-
philized extract. Roman et al. also assessed this parameter for
several varieties and the subspecies of Rosa canina from the
Romanian territory. The highest value of antioxidant power
was exhibited by Rosa canina var. transitoria f. ramosissima
(Bistrita-Nasaud, Agiesel), and it was 127.8 ± 1.41 μM trolox/
100 g pulp.31 The capacity of rosehip extracts to neutralize the
ABTS cation radical was also assessed, and it was 14.6 ± 0.3 mg
TE per g dw lyophilized extract. Demir et al. also assessed this
parameter and found that the rosehip extracts collected from
the Gümüşhane region of Turkey exhibited a value of
35.51 mmol TE per g dry weight in terms of ABTS scaven-
ging.37 Interestingly, the highest value of antioxidant power
was exhibited by the FRAP assay, suggesting that this can be
one of the main antioxidant mechanisms. The studied Rosa
canina pseudofruits exhibited a value of 98.612 ± 3.127 mg TE
per g dw. This parameter was also assessed for the pseudo-
fruits collected from the Republic of Serbia, and it was found
to be 88.2 ± 1.99 mg AAE per g dw.41 Unfortunately, the results
could not be compared because of the different means of
results expression. Regarding the results obtained for the
TBARS and OxHLIA assays, the IC50 values were 117 ± 4 and
Table 1 Retention time (Rt), wavelength of maximum absorption (λmax), mass spectral data, tentative identification, and quantification of the pheno-











1R 14.94 281 449 287(100), 269(95) Eriodictyol-O-hexoside 0.071 ± 0.002
2R 15.39 280 449 287(100), 269(83) Eriodictyol -O-hexoside 0.173 ± 0.003
3R 17.85 354 447 301(100) Quercetin-O-rhamnoside 0.106 ± 0.001
4R 18.4 354 463 301(100) Quercetin-3-O-glucoside 0.172 ± 0.004
5R 18.65 352 463 301(100) Quercetin-O-hexoside 0.165 ± 0.001
6R 22.18 342 447 315(10) Isorhamnetin-O-pentoside 0.099 ± 0.001
7R 22.9 342 447 315(10) Isorhamnetin-O-pentoside 0.099 ± 0.001
8R 23.95 341 447 315(10) Isorhamnetin-O-pentoside 0.107 ± 0.001
Total phenolic compounds 0.992 ± 0.002
Elaeagnus rhamnoides (L.) A. Nelson
1E 11.04 352 639 477(40), 315(100) Isorhamnetin-O-hexoside-O-hexoside tr
2E 11.39 353 785 639(12), 477(15), 315(100) Isorhamnetin-O-deoxyhexoside-hexoside-O-hexoside tr
3E 13.39 353 785 639(9), 477(12), 315(100) Isorhamnetin-O-deoxyhexoside-hexoside-O-hexoside tr
4E 17.51 349 609 301(100) Quercetin-3-O-rutinoside tr
5E 18.51 353 623 315(100) Isorhamnetin-O-deoxyhexoside-hexoside 0.57 ± 0.02
6E 21.22 352 623 315(100) Isorhamnetin-O-deoxyhexoside-hexoside tr
7E 21.81 352 623 315(100) Isorhamnetin-O-deoxyhexoside-hexoside 0.9 ± 0.1
8E 22.08 353 477 315(100) Isorhamnetin-O-hexoside 0.645 ± 0.001
9E 23.43 353 477 315(100) Isorhamnetin-O-hexoside 0.59 ± 0.01
10E 28.04 353 477 315(100) Isorhamnetin-O-hexoside 0.544 ± 0.001
Total phenolic compounds 3.3 ± 0.1
tr-traces. Standard calibration curves: A – p-coumaric acid (y = 301 950x + 6966.7, R2 = 0.9999, LOD = 0.68 µg mL−1 and LOQ = 1.61 µg mL−1); B –
(+)-catechin (y = 84 950x − 23 200, R2 = 1, LOD = 0.44 µg mL−1 and LOQ = 1.33 µg mL−1); C – quercetin 3-O-rutinoside (y = 13 343x + 76 751, R2 =
0.9998, LOD = 0.25 µg mL−1 and LOQ = 1.09 µg mL−1); D – quercetin 3-O-glucoside (y = 34 843x − 160 173, R2 = 0.9998, LOD = 0.21 µg mL−1 and
LOQ = 0.71 µg mL−1); E – apigenin-6-C-glucoside (y = 107 025x + 61 531, R2 = 0.9989, LOD = 0.19 µg mL−1 and LOQ = 0.63 µg mL−1); F – narin-
genin (y = 18 433x + 78 903, R2 = 0.9998, LOD = 0.17 µg mL−1 and LOQ = 0.81 µg mL−1); G – chlorogenic acid (y = 168 823x − 161 172, R2 = 0.9999,
LOD = 0.20 µg mL−1 and LOQ = 0.68 µg mL−1). Caffeoyl-2,7-anhydro-3-deoxy-2-octulopyranosonic acids (CDOA).
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309 ± 17 µg mL−1, respectively. Regarding the TBARS assay
result, an IC50 value of 87.20 ± 2.17 µg mL
−1 was previously
reported for a hydroethanolic extract, which is lower than the
one obtained herein but can be possibly explained by the
different extraction method applied (maceration with 50%
ethanol, v/v).42 In terms of anti-hemolytic capacity, it was not
possible to compare the results obtained in the present study
with previous results since it is, to the best of our knowledge,
the first time that it was assessed.
Hippophae rhamnoides fruits exhibited a lower antioxidant
capacity compared to Rosa canina pseudofruits. Thus, the
DPPH scavenging activity was 12.5 ± 0.6 mg TE per g dw lyo-
philized extract. This value is similar to those obtained by
Sharma et al. for the fruits collected from India and extracted
using different methods. The highest value obtained was 28.40
± 0.19 mg TE per g dw extract using microwave-assisted extrac-
tion, and the lowest was obtained for macerated fruits, which
was 14.28 ± 0.31 mg TE per g.43 Regarding the ABTS radical
scavenging assay, the result (5.9 ± 0.2 mg TE per g dw lyophi-
lized extract) was similar to that obtained by Gao et al. for the
ascorbate-free extracts (4.16–7.02 µmol TE per g).5 The FRAP
value of the studied fruit extract was higher than the other
assays performed and was 41.9 ± 0.8 mg TE per g dw. It is poss-
ible that the extracts exert an important antioxidant activity
through this mechanism. Korekar et al. also documented a
high antioxidant activity through this assay, reporting that the
fruits collected from India exhibited values of 7.50–14.57 mM
FeSO4. The IC50 values obtained for the TBARS and OxHLIA
assays were 91 ± 1 and 331 ± 17 µg mL−1, respectively. The
comparison of these results with previous ones was not poss-
ible given the scarcity of studies applying these assays to these
fruit extracts.
3.4. Cytotoxic and anti-inflammatory activities
The evaluation of the cytotoxic activity of the extracts was per-
formed on malignant and normal cell lines. The results are
presented in Table 3 and are in concordance with those from
various studies performed in the last decades. The extracts did
not present any cytotoxic activity neither on cancerous nor on
normal cell lines. Although it was demonstrated that isorham-
netin, a flavonol extracted from the E. rhamnoides species can
exert a cytotoxic activity against BEL-7402 hepatocellular carci-
noma cells, the quantity of this compound in the extract is
very low, thus, the cytotoxic activity is not detectable.40
The anti-inflammatory activity of the studied extracts
was not detected, although some previous studies
regarding the Rosa canina pseudofruit extract have demon-
strated that it can reduce the chemotaxis of peripheral
blood PMNs.44
3.4.1. Inhibition of fungal and mammalian α-glucosidase.
Small intestinal α-glucosidase is a key enzyme for dietary
carbohydrate digestion in humans. Inhibitors of this enzyme
may be effective in retarding carbohydrate digestion and
glucose absorption to suppress postprandial hyperglycemia.
Some naturally-occurring compounds from various plants are
known to inhibit this enzyme, thus, it is of a great importance
to assess the enzyme inhibitory activity. The data regarding the
α-glucosidase inhibitory activity of the studied extracts are pre-
sented in Table 3. Also, the logarithm of extract concentration
(mg mL−1), plotted as a function of %I (percent of enzyme
inhibition) is presented in Fig. 4.
The beneficial effects of Rosa canina pseudofruit prep-
arations on diabetes prevention is known in traditional medi-
cine. Various studies were conducted in order to establish the
mechanism of action involved. It was found in 2016 by
Taghizadeh et al. that the extract of rosehips can exert antihy-
perglycemic and antihyperlipidemic effects in streptozocin-
induced diabetic rats.45 Moreover, in 2017 Fattanhi et al. docu-
mented that the extract from Rosa canina pseudofruits can act
as a growth factor in pancreatic β-cell lines. The beneficial
effects of the extracts obtained from rosehips have been
demonstrated in a clinical trial from 2015. It was proved that
the extract can reduce fasting blood glucose and total chole-
Table 2 Total phenolic content, total flavonoid content and antioxidant
activity of the optimized extracts
Rosa canina Elaeagnus rhamnoides
TPC (mg GAE per g dw) 24 ± 1 13.2 ± 0.6
TFC (mg QE per g dw) 1.4 ± 0.1 4.5 ± 0.1
DPPH (mg TE per g dw) 29 ± 1 12.5 ± 0.6
TEAC (mg TE per g dw) 14.6 ± 0.3 5.9 ± 0.2
FRAP (mg TE per g dw) 99 ± 3 41.9 ± 0.8
TBARS (IC50; µg mL
−1)a 117 ± 4 91 ± 1
OxHLIA Δt = 60 min
(IC50; µg mL
−1)a
309 ± 17 331 ± 17
a IC50 values for trolox: 139 ± 5 μg mL−1; TBARS: 85 ± 2 μg mL−1;
OxHLIA Δt = 60 min.
Table 3 Cytotoxic, anti-inflammatory and inhibitory activities of the





Cytotoxic activitya (GI50; μg mL
−1)
NCI H460 (non-small cell lung cancer) >400 >400
MCF-7 (breast carcinoma) >400 >400
HepG2 (hepatocellular carcinoma) >400 >400
HeLa (cervical carcinoma) >400 >400
PLP2 (porcine liver primary culture) >400 >400
Anti-inflammatory activityb (IC50; μg mL
−1)
NOS production >400 >400
Inhibitory capacity of α-glucosidase
Fungal (IC50; mg mL
−1) 0.54 ± 0.03 3.1 ± 0.2
Mammalian (%I; 8 mg mL−1) 15 ± 6 28 ± 4
aGI50 values for ellipticine: 1.03 ± 0.09 μg mL−1 (NCI-H460), 0.91 ±
0.04 μg mL−1 (MCF-7), 1.1 ± 0.2 μg mL−1 (HepG2), 1.91 ± 0.06 μg mL−1
(HeLa), and 3.2 ± 0.7 μg mL−1 (PLP2). b IC50 for dexamethaxone: 16 ±
1 μg mL−1 (NOS). Different letters in the same row mean significant
differences (p < 0.05).
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sterol/HDL-C, without any side effects in type-2 diabetic
patients. These conclusions can be correlated with the fungal
α-glucosidase IC50 value obtained for the Rosa canina extract
(0.54 ± 0.03 mg mL−1). The 8 mg mL−1 rosehip extract inhib-
ited mammalian α-glucosidase at a value of 15 ± 6%.
Regarding the Elaeagnus rhamnoides fruit extract, the
inhibitory activity of fungal α-glucosidase is weak (IC50 = 3.1 ±
0.2 mg mL−1). Also, the inhibition of mammalian
α-glucosidase is shown only at 8 mg mL−1 concentration
(28 ± 4%).
The data presented herein suggest that the Rosa canina
pseudofruit extract can be used as a potent agent in the pre-
vention and treatment of diabetes. Further studies are necess-
ary to identify and isolate the compounds responsible for the
α-glucosidase inhibitory activity.
4. Conclusion
The drying of medicinal edible plant materials is a process
which consists of various physical, chemical, and biological
phenomena. They are very important to be understood in
order to achieve high yields of bioactive compounds. The aim
of this study was to optimize the drying process of the fruits
from two species used in traditional medicine, Rosa canina
and Elaeagnus rhamnoides. The optimal time of contact with
hot air at a temperature of 60 °C for Rosa canina pseudofruits,
resulting from the parameter analysis was 30.4 h, whereas for
Elaeagnus rhamnoides, it was 24.35 h. The extracts obtained
exhibited high values of TPC, TFC, and antioxidant activity
compared to the crude extracts. Moreover, the optimized
rosehip extract showed the best α-glucosidase inhibitory
Fig. 4 Graphical representation of logarithm of extract concentration (log[c]) as a function of percent of enzyme inhibition (%I).
Fig. 5 Chromatographic profile of R. canina recorded at 280 nm (A) and 370 nm (B), and E. rhamnoides recorded at 370 nm (C).
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activity (IC50 = 0.54 ± 0.03 mg mL
−1). The rosehip and sea
buckthorn extracts showed neither cytotoxic activity nor antiin-
flammatory capacity.
The data presented in this article represent a step forward
towards the application of this process on an industrial-scale.
Further studies are required in order to deeply understand the
phenomena involved in the drying process of the studied plant
materials.
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